Chemical context
The hydrogen bonds formed between organic acids and organic bases vary from an O-HÁ Á ÁN to an O À Á Á ÁH-N + type with increasing ÁpK a [pK a (base) À pK a (acid)], and at an appropriate ÁpK a value, a short strong hydrogen bond with a broad single minimum potential energy curve for the H atom or a double-minimum potential is observed (Jerzykiewicz et al., 1998; Kalenik et al., 1989; Steiner et al., 2001; Schmidtmann & Wilson, 2008; Gilli & Gilli, 2009) . For the system of pyridine derivative-chloro-and nitro-substituted benzoic acid (1/1), we have shown that three compounds of quinoline with 3-chloro-2-nitrobenzoic acid, 4-chloro-2-nitrobenzoic acid and 5-chloro-2-nitrobenzoic acid, and two compounds of phthalazine with 3-chloro-2-nitrobenzoic acid and 4-chloro-2-nitrobenzoic acid have a short double-well NÁ Á ÁHÁ Á ÁO hydrogen bond between the aromatic N atom and the carboxy O atom (Gotoh & Ishida, 2009 , 2011a . ISSN 2056-9890 We report here two isomeric compounds of isoquinoline with chloro-and nitro-substituted benzoic acids, namely, isoquinoline-3-chloro-2-nitrobenzoic acid (1/1), (I), and 4-chloro-2-nitrobenzoate isoquinolinium, (II), in order to extend our studies of hydrogen bonding in the system of pyridine derivative-chloro-and nitro-substituted benzoic acid (Gotoh & Ishida, 2011b,c) .
Structural commentary
The molecular structure of (I) is shown in Fig. 1 . The base and acid molecules are held together by a short hydrogen bond between the N atom of the base and the carboxy O atom. The H atom in the hydrogen bond is disordered over two positions with the N and O sites occupancies refined to 0.30 (3) and 0.70 (3), respectively. In addition, a C-HÁ Á ÁO hydrogen bond (C8-H8Á Á ÁO2; Table 1 ) is observed in the hydrogen-bonded acid-base unit. In the unit, the isoquinoline ring system, the carboxy group and the benzene ring of the acid molecule are almost coplanar with each other; the carboxy group makes dihedral angles of 5.35 (15) and 5.91 (15) , respectively, with the isoquinoline ring system and the benzene ring, and the dihedral angle between the isoquinoline ring system and the benzene ring is 1.21 (4) . On the other hand, the nitro group and the benzene ring are almost perpendicular with a dihedral angle of 83.71 (13) .
The molecular structure of (II) is shown in Fig. 2 . An acidbase interaction involving H-atom transfer occurs and the base and acid molecules are linked by an N + -HÁ Á ÁO À hydrogen bond. In the hydrogen-bonded unit, the isoquinoline ring system make dihedral angles of 54.12 (15) and 71.89 (5) , respectively, with the carboxy group and the benzene ring of the acid. In the acid molecule, the benzene ring makes dihedral angles of 26.59 (15) and 67.69 (15) , respectively, with the carboxy and nitro groups.
Supramolecular features
In the crystal of (I), the hydrogen-bonded acid-base units are linked by a C-HÁ Á ÁO hydrogen bond (C5-H5Á Á ÁO2 i ; Table 1 ), forming a tape structure along the b-axis direction (Fig. 3) . Adjacent tapes, which are related by an inversion center, are further linked through -interactions between the benzene ring of the acid and the isoquinoline ring system 32 A molecular view of (II), showing the atom-numbering scheme. Displacement ellipsoids are drawn at the 50% probability level and H atoms are shown as small spheres of arbitrary radii. Table 1 Hydrogen-bond geometry (Å , ) for (I). Symmetry code: (i) x; y À 1; z.
Table 2
Hydrogen-bond geometry (Å , ) for (II). ( Fig. 4) , forming a layer parallel to the (001) plane. The centroid-centroid distances are in the range 3.6389 (7)-3.7501 (7) Å [Cg1Á Á ÁCg2 iii = 3.7501 (7), Cg1Á Á ÁCg2 iv = 3.6674 (7), Cg1Á Á ÁCg3 iii = 3.6637 (7) and Cg1Á Á ÁCg3 iv = 3.6389 (7) Å , where Cg1, Cg2 and Cg3 are the centroids of the C1-C6 benzene ring of the acid, and the N2/C8-C10/C15/C16 rings of the base, respectively. Symmetry codes: (iii) Àx, Ày + 1, Àz + 1; (iv) Àx + 1, Ày + 1, Àz + 1.]
In the crystal of (II), the acid-base units are connected through C-HÁ Á ÁO hydrogen bonds (C3-H3Á Á ÁO2 i and C13-H13Á Á ÁO3
ii ; Table 2 ) into a ladder structure along the aaxis direction (Fig. 5) . Adjacent ladders are further linked by another C-HÁ Á ÁO hydrogen bond (C16-H16Á Á ÁO1
iii ; Table 2 ), forming a layer parallel to the (001) plane.
Database survey
A search of the Cambridge Structural Database (Version 5.35, last update May 2014; Groom & Allen, 2014) showed 49 structures of co-crystals/salts of pyridine (or amine) derivative-chloro-and nitro-substituted benzoic acid: 16 structures containing 2-chloro-4-nitrobenzoic acid, nine for 2-chloro-5-nitrobenzoic acid, three for 3-chloro-2-nitrobenzoic acid, five for 3-chloro-6-nitrobenzoic acid, eight for 4-chloro-2-nitrobenzoic acid and eight for 4-chloro-3-nitrobenzoic acid. On the other hand, there were eight structures of co-crystals/salts of isoquinoline with organic acids. The NÁ Á ÁO distances of the N-HÁ Á ÁO/O-HÁ Á ÁN hydrogen bonds are in the range 2.578 (2)-2.8718 (17) Å . No disordered H atoms were observed in the hydrogen bonds.
Synthesis and crystallization
Crystals of compounds (I) and (II) were obtained by slow evaporation from acetonitrile solutions of isoquinoline with the corresponding chloro-and nitro-substituted benzoic acid in a 1:1 molar ratio at room temperature [50 ml acetonitrile solution of isoquinoline (0.202 g) and 3-chloro-2-nitrobenzoic acid (0.315 g) for (I), and 150 ml solution of isoquinoline (0.204 g) and 4-chloro-2-nitrobenzoic acid (0.318 g) for (II)].
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 3 . All H atoms in compounds (I) and (II) were found in difference Fourier maps. The H atom in (I), which is involved in the NÁ Á ÁHÁ Á ÁO hydrogen bonds, was found to be disordered over two positions in a difference Fourier map. Since the site-occupancy factors and isotropic displacement parameters were strongly correlated, the occupancy factors were refined, with U iso (H) = 1.5U eq (N or O). The positional parameters were refined with bond restraints of O-H = 0.84 (2) Å and N-H = 0.88 (2) Å . Atom H2 in (II) was refined freely [refined distance N2-H2 = 0.91 (2) Å ]. Other H atoms of compounds (I) and (II) were positioned geometrically (C-H = 0.95 Å ) and treated as riding, with U iso (H) = 1.2U eq (C). (12 
